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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous 
electrolyte and a nonaqueous electrolyte secondary 
battery, using the electrolyte having superior cycle 
characteristics and low-temperature characteristics, in 
which the rate of change of the electric capacity and 
internal resistance are small during charging and 
discharging repetition, and the increase in the internal 
resistance at a lower temperature is small, thereby 
maintaining high electric capacity. 

SOLUTION: This electrolyte, including an electrolyte salt 
dissolved in an organic solvent, contains a silicon 
compound having unsaturated bond represented in 
Formula (1) (wherein R1 to R6 represent alkyi group, 
alkoxy group, alkenyl group, alkenyloxy group, alkynyl 
group, alkynyloxy group, aryl group or aryloxy group; these 
groups may have ether bond in a chain i and n is 0 to 5, 
when n is 1 to 5; X represents direct bond, oxygen atom, 
alkylene group, alkylenedioxy group, alkenylene group, 
alkenylenedioxy group, alkynylene group, alkynylendioxy 

group, arylene group, or arylenedioxy group, where at least one of R1 to R6 and X represent 
unsaturated bond containing group.). 
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♦ NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computerSo the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] Nonaqueous electrolyte characterized by containing the silicon compound which has the 
unsaturated bond expressed with the following general formula (1) in the electrolytic solution which 
dissolved the electrolyte salt in the organic solvent. 
[Formula 1] 



[Claim 2] Nonaqueous electrolyte according to claim 1 which contains the silicon compound whose 
n is 1 in the above-mentioned general formula (1). 

[Claim 3] It sets to the above-mentioned general formula (1). and is R1 -R6. Nonaqueous 
electrolyte containing the silicon compound whose at least one is a vinyl group according to claim 

1 or 2, 

[Claim 4] Nonaqueous electrolyte according to claim 1 to 3 which contains the silicon compound 
whose X is an oxygen atom in the above-mentioned general formula (1). 

[Claim 5] Nonaqueous electrolyte according to claim 1 to 3 which contains the silicon compound 
whose X is an ethynylene group in the above-mentioned general formula (1). 

[Claim 6] Nonaqueous electrolyte according to claim 1 to 5 in which the above-mentioned organic 
solvent contains more than a kind chosen from the group of the non-aqueous solvent which 
consists of carbonate, lactone, ether, sulfolanes, and dioxolanes. 

[Claim 7] Nonaqueous electrolyte according to claim 1 to 6 in which the above-mentioned 
electrolytic solution contains an annular carbonate compound and at least one or more sorts of 
chain-like carbonate compounds, respectively. 

[Claim 8] Nonaqueous electrolyte according to claim 7 which blends further the carboxylate 
compound expressed with the following general formula (2). 
[Formula 2] 

CnHta+i— C-~0— R <2) 

(SC** Rf4l»««cl'-40T;WHf*5nL, nttO. IXltZ^mt) 

[Claim 9] The above-mentioned electrolyte salt is a lithium ion, PF6, BF4, and CI04. And AsF6 The 
mineral salt and lithium ion which consist of anions chosen from inside, and S03 CF3, N(CF3 S02) 

2 and C(CF3 S02) 3 And nonaqueous electrolyte according to claim 1 to 8 which consists of 



CLAIMS 




(i> 
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combination with at least one sort or two sorts or more of salts chosen from the group of the 
organic salt constituted out of these derivatives. 

[Claim 1 0] Nonaqueous electrolyte according to claim 1 to 9 which does 0.05-5 volume % content 
of the silicon compound which has the unsaturated bond expressed with the above-mentioned 
general formula (1). 

[Claim 11] The nonaqueous electrolyte recharg able battery which contains nonaqueous 
electrolyte according to claim 1 to 10 as the electrolytic solution. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the nonaqueous 
electrolyte rechargeable battery using the nonaqueous electrolyte which was excellent in the cycle 
property and the low-temperature property that high electric capacity can be maintained small 
[ the rate of change of electric capacity or internal resistance ] at the time of the repeat of charge 
and discharge since the increase in internal resistance at the time of low temperature is small 
using a silicon compound for the electrolytic solution in detail, and this electrolytic solution about 
the nonaqueous electrolyte rechargeable battery using the nonaqueous electrolyte and this 
electrolytic solution containing the silicon compound which has a unsaturated bond. 
[0002] 

[Description of the Prior Art] The nonaqueous electrolyte rechargeable battery which has a high 
voltage and high-energy density came to be widely used as a power supply with the spread of 
pocket electronic equipment, such as a portable personal computer in recent years and a handicap 
video camera. Moreover, utilization of a hybrid car which used a cell automobile and power for a 
part of power from the environmental problem is performed. 

[0003] However, a nonaqueous electrolyte rechargeable battery shows the fall of electric capacity, 
and elevation of internal resistance by repeating the time of low temperature, or charge and 
discharge, and is insufficient of the reliability as a stable source of an electric power supply. 
[0004] Various additives are proposed for improvement in the stability of a nonaqueous electrolyte 
rechargeable battery, or an electrical property. For example, using silicic-acid tetramethyl for the 
organic solvent in an organic-solvent system electrolyte is proposed by JP. 1 0-3266 1 1, A. However, 
this additive had the fault to which capacity falls, although the cycle property improved. Moreover, 
the electrolytic solution which has fire retardancy by using silane compounds, such as octyl 
triethoxysilane. as a fire-resistant organic solvent is proposed by JP,10-55822,A. However, this 
additive was not enough satisfactory about an electrical property, although fire retardancy 
improved. Furthermore, the electrolytic solution which added the organic silicon compound which 
has Si-N combination is proposed by JP,1 1-16602,A. However, although this additive could prevent 
generating of halogen acid based on mixing of water and degradation of a cell could be prevented 
to some extent, about the electrical property by repeating a cycle, it was not fully what goes 
satisfactorily. 

[0005] Therefore, the purpose of this invention is to offer the nonaqueous electrolyte rechargeable 
battery using nonaqueous electrolyte excellent in the cycle property and the low-temperature 
property of maintaining high electric capacity small [ the rate of change of electric capacity or 
internal resistance ] at the time of the repeat of charge and discharge since the increase in 
internal resistance at the time of low temperature is small, and this electrolytic solution. 
[0006] 

[Means for Solving the Problem] As a result of r peating various xaminatlon in view of this 
present condition, this invention person etc. is adding the silicon compound which has a 
unsaturated bond containing at least one unsaturat d bond to the electrolytic solution, and 
acquired knowledge that nonaqueous lectrolyte excellent in the cycl property and th low- 
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temperature property is obtained. 

[0007] this invention was made based on the above-mentioned knowledg , and offers the 

nonaqu ous lectrolyte rechargeable battery using the nonaqueous el ctrolyte and this electrolytic 

solution which are characterized by containing the silicon compound which has the unsaturated 

bond expressed with the following general formula (1) in the lectrolytic solution which dissolved 

the electrolyte salt in th organic solvent. 

[0008] 




[0009] 

[Embodiments of the Invention] The nonaqueous electrolyte rechargeable battery which used th 
nonaqueous electrolyte and this electrolytic solution of this invention for below is explained in full 
detail. 

[0010] It sets to the above-mentioned general formula (1), and is R1 -R6. As the alkyi group and 
alkoxy group which are expressed, the alkoxy group guided from the alkyI groups or these bases of 
the carbon atomic numbers 1-12, such as a methyl, ethyl, a propyl, an isopropyl, butyl, the second 
butyl, tertiary butyl, a pentyl, a hexyl, a heptyl, an octyl, an iso octyl, 2-ethylhexyl, a nonyl, a desyl, 
a undecyl, and a dodecyl, be mentioned As an ARUKENIRU machine and an alkenyloxy machin . 
the alkenyloxy machine guided from the ARUKENIRU machines or these bases of the carbon 
atomic numbers 2-8, such as a vinyl, an allyl compound, 1-propenyl, isopropenyl, 2-butenyl, 1, 3- 
pig dienyl. 2-pentenyl, and 2-OKUTENIRU. is mentioned. As an alkynyl group and an alkynyloxy 
machine, the alkynyloxy machine guided from the alkynyl groups or these bases of the carbon 
atomic numbers 2-8, such as ethynyl, 2-propynyl, 1 , and 1 -dimethyl-2-propynyl, is mentioned. As 
an aryl group and an aryloxy group, the aryloxy group guided from the aryl groups or these bases 
of the carbon atomic numbers 6-12, such as a phenyl, tolyl, KISHIRIRU, and the third buthylphenyl, 
is mentioned. 

[001 1] Moreover, in the above-mentioned general formula (1), the alkylene dioxy machine guid d 
from the alkylene machines or these bases of the carbon atomic numbers 1-8. such as methylene, 
ethylene, trimethylene, 2, and 2-dimethyl trimethylene, tetramethylen. pentamethylene, and a 
hexamethytene, is mentioned as the alkylene machine expressed with X, and an alkylene dioxy 
machine. As an alkenylene group and an ARUKENI range oxy-basis, the ARUKENI range oxy-basis 
guided from the alkenylene groups or these bases of the carbon atomic numbers 2-8, such as a 
vinylene, pro PENIREN, isopropanal PENIREN, butenylene, and pentenylene, is mentioned. As 
alkynylene group and an alkynylene dioxy machine, the alkynylene group or the alkynylene dioxy 
machines of the carbon atomic numbers 2-8, such as ethynylene, pro PINIREN, BUCHINIREN. 
cutting-pliers NIREN. 1 , 1 and 4. and 4-tetramethyl butenylene, are mentioned. As an arylene 
machine and an arylene dioxy machine, the arylene dioxy machine guided from the arylene 
machines or these bases of the carbon atomic numbers 6-12. such as a phenylene, a methyl 
phenylene, a dim thyl phenylene. and a tertiary butyl phenylene, is mentioned. 
[0012] More specifically as a silicon compound which has th unsaturated bond express d with the 
above-mentioned g neral formula (1), th following compound No.1 - No.26 grades ar mentioned. 
However, the above-mentioned silicon compound used by this invention is not r stricted at all by 
the following instantiation. 
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[0013] 



CH3 CHj 



CH2=CH— — 0— Sj— CH^CHj 
[Formula 4] Compound No.1 CHa ^ 

[0014] 

CH,=CH— S i— 0— S i— CH=CHj 
[Formula 5] Compound No.2 ^fis CiHj 

[0015] 

^ CH, 
CHsO— Si— C=C— I i— OCHs 
[Formula 6] Compound No.3 ^Hj CHj 



[0016] 



CHj CHj 

CHj=CH— S i— 0— S i— C=CH 



[Formula 7] Compound No.4 CHj CH3 

[0017] 



CHa— 0— Si— C=CH 



[Formula 8] Compound No.5 CH3 
[0018] 



CHj CH, 

CHj=CH- S i— 0— S i— CHa 

I I 



[Formula 9] Compound N0.6 CHj CHj 

[0019] 

CH2=CH-Si— 0 — f i-CH=CH2 

[Formula 10] Compound No.7 CHj CHj 

[0020] 

ps pi 
CH,=CH-CH-0—Sl— 0—^1— CHj 

[Formula 11] Compound N0.8 CHj 



[0021] 



CHj y . CHj 



CHj=CH-Si — — Si-CH=CH2 
[Formula 12] Compound No.9 CHj CHj 

[0022] 

GHa 
0 

CHj— 0— Si— C=CH 

0 

I 

[Formula 13] Compound N0.IO CH3 
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[0023] 

OCHs 

CH,— 0— C1H4— 0— S i— CH=ai, 
[Formula 14] Compound No. 11 W)Hj 

[0024] 

CHa 

CHa— S i— C=C— S i — CH3 
[Formula 15] Compound No. 12 (^t Ci^ 

[0025] 

CH3 pj 

CH2==CH— S i S i— CH=CHj 

[Formula 16] Compound No. 13 CH3 CHj 

[0026] 

CH2=CH— — CH2CH2— ^1— CH=ai, 
[Formula 17] Compound No.14 CH, CH» 



[0027] 



CH2=CH— ^ i— 0— SI— 0— Si— CH=CHi 
[Formula 18] Compound No. 15 CH, CHj CHi 

[0028] 

OCH3 

CH3O— Si— CH=CH2 

[Formula 19] Compound No. 16 
[0029] 

^CH2CB=CH2 
CH2=CHai20— Si— 0CH2CB=CH, 
[Formula 20] Compound No.17 0CB2CH=CB2 

[0030] 

CHa 

CHs— ^i— CH=CH2 
[Formula 21] Compound N0.I8 CH=CH2 



[0031] 



[Formula 22] Compound No. 19 CHj 
[0032] 



CH, 

CHs— S I— 0— CHf— CsCH 



P3 

CH3 — Si — CH=CH2 



[Formula 23] Compound No.20 
[0033] 
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CH3 

CH3— S i— 0— CH2— Cfl= CH2 
[Formula 24] Compound No.21 CH3 

[0034] 

OCHs 

C2H5O— S I— 0— CH2— CH=CH2 
[Formula 25] Compound No.22 OC|Hs 



[0035] 



CH=CH2 



CH2=CH-Si— CH— CH2 
[Formula 26] Compound No.23 CH=:CH2 

[0036] 




CH2= CH— S i 0— S I— CH=CH2 

[Formula 27] Compound No.24 CH3 CH3 

[0037] 




CH2=CH— SI — 0— Si— CH=CH2 




[Formula 28] Compound No.25 
[0038] 

CHs CH3 
CH2=CH— Si— 0-^C2H40^Si— CH=CH2 
[Formula 29] Compound No.26 CHi CH3 

[0039] The silicon compound which has the above-mentioned unsaturated bond is a known 
compound, and although especially the synthetic method is not limited, the above-mentioned 
compound N0.I is obtained by the dehydrogenation coupling reaction of a hydrogen content silicon 
compound and a hydroxyl-group content silicon compound, for example. 

[0040] The above-mentioned silicon compound is a compound which is easy to carry out self- 
polymerization, a stable coat is formed by carrying out polymerization reaction in an electrode 
interface in early stages of a cycle, and it is thought that the increase in the interfacial resistance 
accompanying a cycle can be suppressed, moreover, in order to discover this effect, it is desirable 
to make the above-mentioned silicon compound contain with the addition of a 0.05 - 5 volume % 
less or equal, and 0.1-3 volume % is more desirable Even if the effect is hardly accepted and it 
makes it contain exceeding 5 volume %, since an effect is not only futility, but [ since it stops being 
discovered more than it, ] may have a bad influence on the property of the electrolytic solution on 
the contrary, it is not desirable at under 0.05 volume %. 

[0041] The above-mentioned silicon compound concerning this invention is combined with one sort 
or two sorts or mor of non-aqueous solvents usually used as nonaqueous electrolyte, and is used 
as nonaqueous electrolyte. It not only excels in a cycle property, but especially as such a non- 
aqueous solvent, the combination of a chain-like carbonate compound and an annular carbonate 
compound is desirable, and it can offer the nonaqueous electrolyte which maintained balanc , such 
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as viscosity of the electrolytic solution, electric capacity of the cell obtained, and an output, by 
using this combination. 

[0042] The examples of the non-aqueous solvent used for th nonaqueous electrolyte of this 
invention are enumerated below. However, the non-aqueous solvent used for this Invention is not 
limited by the following instantiation. 

[0043] An annular carbonate compound, a cyclic-ester compound, a sulfone or a sulfoxide 
compound, and an AMAIDO compound Since specific inductive capacity is high, the role which 
gathers the dielectric constant of the electrolytic solution has been played, specifically As an 
annular carbonate compound, ethylene carbonate (EC). Propylene carbonate (PC), vinylene 
carbonate, butylene carbonate, etc. are mentioned, as a cyclic-ester compound Gamma- 
butyrolactone, gamma-valerolactone. etc. are mentioned, as a sulfone or a sulfoxide compound A 
sulfolane. SURUHOREN. a tetramethyl sulfolane. diphenylsulfone. a dimethyl sulfone. dimethyl 
sulfoxide, etc. are mentioned, and N-methyl pyrrolidone, a dimethyl formamide, a 
dimethylacetamide, etc. are mentioned as an AMAIDO compound. 

[0044] A chain-like carbonate compound, the shape of a chain, a cyclic ether compound, a chain- 
like ester compound, etc. can make viscosity of the electrolytic solution low. Therefore, that 
volatility of electrolyte ion can be made high etc. can make cell properties, such as power density, 
the outstanding thing. Moreover, since it is hypoviscosity. the performance of the electrolytic 
solution in low temperature can be made high. Specifically, as a chain-like carbonate compound, 
dimethyl carbonate (DMC), ethyl methyl carbonate (EMC), diethyl carbonate (DEC), ethyhn-butyl 
carbonate, methyl-t-butyl carbonate, di-i-propyl carbonate, t-butyl-i-propyl carbonate, etc. are 
mentioned, and dimethoxyethane (DME). ethoxy methoxyethane. diethoxy ethane, a 
t trahydrofuran, a dioxolane, a dioxane. etc. are mentioned as the shape of a chain, and a cyclic 
ether compound. 

[0045] Furthermore, as the above-mentioned chain-like ester compound, the carboxylate 
compound expressed with the following general formula (2) is mentioned, as an alkyi group of the 
carbon numbers 1 -4 in the following general formula (2), a methyl, ethyl, a propyl, an isopropyl, 
butyl, the second butyl, and tertiary butyl are mentioned, and methyl formate, an ethyl formate, 
methyl acetate, ethyl acetate, propyl acetate, the second butyl of an acetic acid, butyl acetate, a 
methyl propionate, an ethyl propionate, etc. are specifically mentioned. These carboxylate 
compounds can raise a cell property also in low temperature, when the congealing point is low and 
adds further to the carbonate compound of the shape of annular or a chain. As for the addition of 
a carboxylate compound, it is desirable 1-50 volume % To use into non-aqueous-solvent 100 
volume. In addition, an acetonitrile, a propionitrile, nitromethanes, and these derivatives can also be 
used. 
[0046] 

[Formula 30] 

0 

11 

CnHja+i— C— O—R (2) 

[0047] Moreover, since the alkylene screw carbonate compound classified into the chain-like 
carbonate compound expressed with the following general formula (3) can make volatility of the 
electrolytic solution low and is excellent in the preservation property in an elevated temperature, it 
can make the cell property in an elevated temperature high. 
[0048] 

[Formula 31] 

o o 

R*— o-c-o-R,o-o-c-o- R„ ( 3 ) 

^ » 1 5 ^mmxit»vt(orjv^ u >A^m't) 

[0049] It sets to the above-mentioned general formula (3). and is R9. And as an alkyI group 
expressed with R1 1, a methyl, ethyl, a propyl, butyl, etc. ar mention d and thylen , a propylene, 
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dimethyl propylene, etc. are mentioned as an alkylene machine expressed with RIO. Specifically as 
the above-mentioned alkylene screw carbonate compound, 1 , 2-screw (m thoxycarbonyloxy) 
ethane, 1 , 2-screw (ethoxycarbonyloxy) ethane, 1 , and 2-scr w (ethoxycarbonyloxy) propane etc. 
is mentioned. 

[0050] Since the end group is replaced by the fluorine atom, in an electrode interface, th glycol 
diether compound expressed with the following general formula (4) classified into a chain-like ether 
compound can demonstrate an operation like a surfactant, can raise the compatibility to the 
electrode of nonaqueous electrolyte, and it can raise reduction of early cell internal resistanc , and 
the volatility of a lithium ion. 
[0051] 

[Formula 32] 

Rit— o4r„— 0=1— Ru (4) 
^ -'n2 

[0052] In the above-mentioned general formula (4), ethylene, a propylene, a difluoro propylene, a 
butylene, etc. are mentioned as an alkyi group expressed with R12 and R14 as a methyl, 
trifluoromethyl, ethyl, truffe RUORO ethyl, a propyl, a pentafluoro propyl, an isopropyl, butyl, a 
pentyl, a hexyl. and an alkylene machine that it passes, and PUCHIRU, an octyl, etc. are mentioned 
and is expressed with R13. Specifically as the above-mentioned glycol diether compound, the 
ethylene glycol screw (truffe RUORO ethyl) ether, i-propylene-glycol (truffe RUORO ethyl) ether, 
the ethylene glycol screw (trifluoromethyl) ether, the diethylene-glycol screw (truffe RUORO ethyl) 
ether, etc. are mentioned. 

[0053] Moreover, to the nonaqueous electrolyte of this invention, in order to give fire retardancy, 
the flame retarder of a halogen system, the Lynn system, and others can be suitably added as a 
flame retarder. 

[0054] It is desirable to add one or more sorts of a phosphoric ester compound expressed with the 
following general formula (5). (6), or (7) as the above-mentioned Lynn system flame retarder. 
[0055] 

[Formula 33] 



0=p— 0— Rib 
0-R|7 



(5) 



0=P— 0 (6) 
0-Ri, 



0=?~-0—»tt <7) 



[0056] As an alkyI group xpressed with R15, R16, R17, and R19 in the above-mentioned general 
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formula (5) and (6X a methyl, ethyl, a propyl, butyl, a pentyl, a hexyl, etc. are mentioned, and 2- 
fluoro ethyl 2 and 2, 2-^trufFe RUORO ethyl, etc. are mentioned as a fluorine substitution alkyi 
group, for example. 

[0057] As an alkylene machine expressed with R1 8 in the above-mentioned general formula (6) 
Ethylene, propylene, trimethylene, 2, and 2-dimethyl trimethylene etc. is mentioned, for example, as 
an alkenylene group A vinylene, butenylene, etc. are mentioned, as alkynylene group Ethynylene, 
pro PINIREN, 2-BUCHINIREN, 1. 1 and 4, and 4-tetramethyH2-BUCHINIREN, 1, the 4-dimethyl -1, 
4-diethyl-2-BUCHINIREN, 1. the 4-dimethyl -1, 4-diisobutyl-2-BUCHlNIREN, etc. are mentioned. 
[0058] As trivalent alcohol which gives the alcoholic trivalent residue of the carbon atomic 
numbers 3-18 expressed with R20 in the above-mentioned general formula (7), a glycerol, 
trimethylolethane, a trimethylol propane, 1 and 2. 4-trihydroxy butane, etc. are mentioned, for 
example. 

[0059] The above-mentioned general formula (5) More specifically as a phosphoric ester compound 
expressed with - (7), following compound No.27-35 are mentioned. However, the phosphoric ester 
compound used for this invention is not restricted at all by the following compounds. 
[0060] 

O-CHj 
0=P— O— CHs 
[Formula 34] Compound No.27 0-CH3 

[0061] 

0-C2H5 
0=P-0-C2Hs 
[Formula 35] Compound No.28 O-CjHs 

[0062] 

0-CH2— CF3 
0= P— O— Cl^— CF3 
[Formula 36] Compound No.29 O-CHj— CF3 

[0063] 

0-CH2 

^ / » 
0=P~O-CH2 

[Formula 37] Compound No.30 0-CH3 
[0064] 

0-CH2— CH2 
0=P— 0-CH2 

[Formula 38] Compound No.31 0-CH3 
[0065] 

O^CH2 

o=p^o-ai2 

[Formula 39] Compound No.32 O-QiHs 
[0066] 



O-CH. 
0=P— O-CH 

[Formula 40] Compound No.33 O-inj 
[0067] 
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[Formula 41] Compound No.34 



O: 




P-CH2 

O-CH2— C— CH3 
b-CH2^ 



[0068] 



[Formula 42] Compound No.35 



o=p— O-CH-CH2 




[0069] The above-mentioned general formula (5) The amount of the phosphoric ester compound 
used expressed with - (7) has desirable 5-100 mass % to the organic solvent which constitutes 
the electrolytic solution, and especially its 10 - 50 mass % is desirable. Flameproofing effect 
sufficient by under 5 mass % is not acquired. 

[0070] Moreover, although especially the synthetic method of a phosphoric ester compound 
expressed with above-mentioned general formula (5) - (7) is not limited, it is easily compoundable 
with the reaction of phosphorus oxychloride and corresponding alcohol, for example. 
[0071] moreover, as an electrolyte salt used by this invention A well-known electrolyte salt is used 
conventionally. For example. LiPF6 and LiBF4. LiAsF6, UCF3 SOS. and UN (CF3 S02)2. LiC (CF3 
S02)3. USbF6, and LiSiF5 and LiAIF4, LiSCN, LiCI04, LiCI, LiF, LiBr, Lil. LiAIF4. LiAICI4, NaCI04, 
and NaBF4, Nal etc. is mentioned, especially LiPF6. LiBF4, and LiCI04, LiAsF6 etc. — since the 
combination of a kind or two sorts or more of salts chosen from the group which consists of 
organic salts, such as mineral salt and CF3 S03 Li, N(CF3 S02)2 Li. and C(CF3 S02)3 Li. is 
excellent in an electrical property, it is desirable 

[0072] As for especially the above-mentioned electrolyte salt, it is desirable to dissolve in the 
above-mentioned non-aqueous solvent (organic solvent) so that 0.1-3.0 mols /of concentration in 
the electrolytic solution may become in I. and 0.5-2.0 mols /I. If the concentration of the 
electrolytic solution is smaller than I. in 0.1 mols /, sufficient current density cannot be obtained, 
and when larger in 3.0 mols /than I., there is a possibility of spoiling the stability of the electrolytic 
solution. 

[0073] The nonaqueous electrolyte of this invention can be suitably used as nonaqueous 
electrolyte which constitutes primary or a rechargeable battery, especially the nonaqueous 
electrolyte rechargeable battery mentioned later. 

[0074] As an electrode material of the nonaqueous electrolyte rechargeable battery of this 
invention, there are a positive electrode and a negative electrode, as a positive electrode, that 
which slurred a positive active material, a binder, and electric conduction material is applied to a 
charge collector, and what was dried and was made into the shape of a sheet is used, as a positive 
active material — TiS2, TiS3, MoS3. FeS2. and Li (1-x) ~ Mn02, Li (1-x) Mn 204, Li (1-x) Co02. 
Li (1-x) Ni02. LiV 203, and V2 05 etc. — it is mentioned In addition, X in instantiation of this 
positive active material shows the number of 0-1 . the multiple oxide of the lithium among thes 
positive active materials, and transition metals — desirable — LiCo02, LiNi02, LiMn 204, LiMn02, 
and LiV 203 etc. — it is desirable As a binder of a negative electrode and a positive active 
material, although a polyvinylidene fluoride, a polytetrafluoroethylene, EPDM, SBR and NBR. a 
fluororubber, etc. are mentioned, it is not limited to these, for example. 

[0075] What usually applied to the charge collector that which slurred the negative-electrode 
active material and the binder with the solvent as a negative electrode, was dried and was made 
into the shape of a sheet is used. As a negative-electrode active material, inorganic compounds, 
such as a lithium, a lithium alloy, and a tin compound, carbonaceous material, conductive polymer, 
etc. are mentioned. Especially, occlusion and the carbonaceous material which can be emitted are 
desirable in the high lithium ion of saf ty. Although especially this carbonac ous material is not 
limited, the carbon material and furnace black which carbonized a part of th s , such as carbide of 
resins, such as carbide of a graphite and p trol um system corks, coal syst m corks, and a 
petroleum system pitch, carbide of a coal system pitch, phenol resin, and a crystalline cellules , 
acetylene black, a pitch based carbon fiber, a PAN syst m carbon fiber, etc. are mentioned. 
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[0076] As electric conduction material of a positiv electrode, although the particle of amorphous 
carbon, such as carbon black, such as a particle of a graphite and ac tylen black, and a needle 
coke. etc. is used, it is not limited to these. The organic solvent which usually dissolves a binder is 
used as a solvent which slurs. For example, although N-methyl pyrrolidone, a dim thylformamide, a 
dimethylacetamide. a methyl ethyl ketone, a cyclohexanone. methyl acetate, a methyl acrylate. 
diethyl triamine, N-N-dimethylamino propylamine, thylene oxide, a tetrahydrofuran. to. can be 
mentioned, it is not limited to this. Moreover, a dispersant. a thickener, etc. may be added to water 
and an active material may be slurred by latexes, such as SBR. 

[0077] Copper, nickel, stainless steel, nickel-plating steel, etc. are used, and aluminum, stainless 
steel, nickel-plating steel, etc. are usually used for a positive-electrode charge collector by the 
charge collector of a negative electrode. 

[0078] In the nonaqueous electrolyte rechargeable battery of this invention, although separator is 
used between a positive electrode and a negative electrode, the fine porosity film of a 
macromolecule usually used can be especially used without limitation. For example, polyethylene, 
polypropylene, a polyvinylidene fluoride, a polyvinylidene chloride, A polyacrylonitrile. a 
polyacrylamide, a polytetrafluoroethylene. A polysulfone, polyether sulphone. a polycarbonate, a 
polyamide. Polyethers, such as a polyimide, a polyethylene oxide, and a polypropylene oxide The 
high molecular compound which makes a subject various celluloses, such as a carboxymethyl 
cellulose and hydroxypropylcellulose, the poly (meta) acrylic acid, and its various ester, its 
derivative, the film which consists of such copolymers and mixture are mentioned. Moreover, the 
double layer film on top of which such a film could be independently used for and these films were 
laid is sufficient. Furthermore various additives may be used for these films, and especially the kind 
or content are not restricted. In these fine porosity films, polyethylene, polypropylene, a 
polyvinylidene fluoride, and a polysulfone are preferably used for the nonaqueous electrolyte 
rechargeable battery of this invention. 

[0079] Fine porosity-ization is made so that the electrolytic solution may sink in and ion may tend 
to penetrate these separator films. The "phase separation method" which produces a film as the 
method of this formation of fine porosity, carrying out micro phase separation of the solution of a 
high molecular compound and a solvent, carries out extraction removal and porosity-izes a solvent. 
Heat-treat, after extruding the fused high molecular compound at a high draft and producing a film, 
on the other hand, ** is made to arrange a crystal, and the "extending method" etc. for forming a 
gap between crystals and attaining porosity-ization by extension, further, is mentioned, and is 
suitably chosen by the high polymer film used. Especially, to polyethylene and the polyvinylidene 
fluoride which are used preferably, a phase separation method is preferably used for this invention. 

[0080] To the electrode material, the electrolytic solution, and the separator which are used for 
the nonaqueous electrolyte rechargeable battery of this invention, you may add a phenol system 
antioxidant, the Lynn system antioxidant, a thioether system antioxidant, and a hindered amine 
light stabiliser in order to improve safety more. 

[0081] As the above-mentioned phenol system antioxidant, for example 1, 6-hexamethylene screw 
[(3-tertiary butyl-5-methyl-4-hydroxyphenyl )a propionic-acid amide]. - thio screw (6-tertiary 
butyl-m-cresol). and 4 and 4 *4, 4 -butylidenebis (6-tertiary butyl-m-cresol), 1,1. 3-tris (the 2- 
methyl-4-hydroxy-5-third buthylphenyl) butane, 1 , 3. 5-tris (2, 6-dimethyl-3-hydroxy-4-tertiary 
butyl benzyl) isocyanurate. 1. 3, 5-tris (3, 5-JI tertiary butyl-4-hydroxy benzyl) isocyanurate. 1, 3, 
5-tris (3. 5-JI tertiary butyl-4-hydroxy benzyl) - 2, 4. 6-trimethyl benzene. Tetrakis [3-(3. 5-JI 
tertiary butyl-4-hydroxyphenyl) methyl propionate] methane. A thiodiethylene-glycol screw [(3. 5- 
JI tertiary butyl-4-hydroxyphenyl )propionate]. 1, 6-hexamethylene screw [(3, 5-JI tertiary butyl- 
4-hydroxyphenyl )propionate]. A screw [3 and 3-screw (the 4-hydroxy-3-third buthylphenyl) 
butyric acid] glycol ester. Screw [2-tertiary butyl-4-methyl-6-(2-hydroxy-3-tertiary butyl-5- 
methyl benzyl) phenyl] t rephthalat ,1,3, 5-tris [(3, 5-JI tertiary butyl-4-hydroxyphenyl ) 
propionyloxy ethyl] isocyanurate. 3. 9-scr w [1 and 1-dim thyl-2-{(3-tertiary butyl-4-hydroxy-5- 
methylphenyl )propionyloxy] ethyl]-tetraoxaspiro [ 2. 4. 8, and 1 0-] [5, 5] und cane, a triethylene- 
glycol screw [(3-tertiary butyl-4-hydroxy-5-methylphenyl )propionat ] tc. mentions — having — 
the electrode-mat rial 100 weight section — receiving — 0.01 - 10 weight s ction — 0.05 - 5 
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weight section is used more pr ferably 

[0082] As the above-mentioned Lynn system antioxidant, for example Tris nonylphenyl phosphite, 
Tris [2~tertiary butyH4-(3-tertiary butyl-4-hydroxy-5~methyl phenylthio)-5-m thylphenyl] 
phosphite, Tridecyl phosphite, octyl diphenyl phosphite, JI (desyl) monochrome phenyl phosphite, 
JI (tridecyl) penta rythritoldiphosphite, JI (nonylphenyl) pentaerythritoldiphosphite. Screw (2, third 
buthylphenyl of 4-JI) pentaerythritoldiphosphite, Screw (2, 6-JI tertiary butyl-4-methylphenyl) 
pentaerythritoldiphosphite. Screw (2, 4, third buthylphenyl of 6-TORI) pentaerythritoldiphosphite, 
Screw (2, 4-JIKUMIRU phenyl) pentaerythritoldiphosphite. Tetrapod (tridecyl) Isopropylidene 
diphenol diphosphite, A tetrapod (tridecyl) -4, 4'-n-butylidenebis (2-tertiary butyl-5-methyl 
phenol) diphosphite. Hexa (tridecyl) -1.1. 3--tris (the 2-methyl-4-hydroxy-5-third buthylphenyl) 
butane TORIHOSU fight. Tetrakis (2, third buthylphenyl of 4-JI) biphenylene diphosphonate, 9 10- 
dihydro-9-OKISA-10~-phosphaphenanthrene-10-oxide, 2 and 2 -methylene screw (4, the 6-third 
buthylphenyl)-2-ethylhexyl phosphite, 2 and 2'-methylene screw (4, the 6-third buthylphenyl)- 
octadecyl phosphite, 2 and 2 -ethylidene screw (4, third buthylphenyl of 6-JI) fluoro phosphite, A 
tris (2-[(2. 4. 8, third butylbenzo [ of 10-tetrakis ] [d, f] [1, 3. 2] dioxaphosphepine-6-IRU )OKISHI] 
ethyl) amine. The phosphite of a 2-ethyl-2-butyl propylene glycol and the third butylphenol of 2, 4, 
and 6-TORI etc. is mentioned. 

[0083] As the above-mentioned thioether system antioxidant, they are dialkyi thiodipropionate and 
p ntaerythritol tetrapods (beta-alkyi mercaptopropionic acid ester is mentioned.), such as a 
dilauryl thiodipropionate, thiodipropionic-acid dimyristyl, and thiodipropionic-acid distearyl, for 
example. 

[0084] As the above-mentioned hindered amine light stabiliser, for example 2, 2, 6, and 6- 
tetramethyl-4-piperidyl stearate. 1 , 2, 2. 6. and 6-pen reservoir chill-4-piperidyl stearate. 2, 2, 6, 
and 6-tetramethyl-4-piperidyl benzoate, screw (2, 2. 6, and 6-tetramethyl-4-piperidyl) sebacate, 
T trakis (2, 2, 6, and 6-tetramethyl-4-piperidyl) - 1. 2. 3. 4-butanetetracarboxylate. Tetrakis (1. 2. 
2, 6, and 6-pen reservoir chill-4-piperidyl) - 1 . 2. 3, 4-butanetetracarboxylate. Screw (2. 2, 6, and 
6-tetramethyl-4-piperidyl) JI (tridecyl) - 1, 2. 3. 4-butanetetracarboxylate, Screw (1. 2. 2. 6, and 
6-pen reservoir chill-4-piperidyl) JI (tridecyl) - 1. 2. 3. 4-butanetetracarboxylate, Screw (1, 2, 2, 4, 
and 4-pen reservoir chill-4-piperidyl)-2-butyl-2-(3, 5-JI tertiary butyl-4-hydroxy benzyl) 
malonate, 1 -(2-hydroxyethyl)-2. 2. 6, 6 - Tetramethyl-4-piperidino-RU / succinic-acid diethyl 
polycondensation object. 1, 6-screw (2, 2, 6, and 6-tetramethyl-4-PIPERIJIRUAMINO) hexane / 2, 
a 4-dichloro-6-morpholino-s-triazine polycondensation object, 2 1. 6-screw (2, 2, 6, and 6- 
tetramethyl-4-PIPERIJIRUAMINO) hexane / 4 - Dichloro-6-third octyl amino-s-triazine 
polycondensation object, 1 , 5, 8, 1 2-tetrakis [2 and 4-screw (N-butyl-N-(2, 2, 6. and 6- 
tetramethyl-4-piperidyl) AMINO)-s-triazine-6-lRU]-1, 5 and 8, a 12-tetraaza dodecane, 1. 5, 8, 
and 1 2-tetrakis [2 and 4-screw (N-butyl-N-(1. 2. 2. 6. and 6-pen reservoir chill-4-piperidyl) 
AMIN0)-s-triazine-6-IRU] - 1. 5, and a 8-12-tetraaza dodecane — 1.6. 11 -tris [2 and 4-screw 
(N-butyl-N-(2. 2, 6. and 6-tetramethyl-4-piperidyl) AMINO)-s-triazine-6-IRU] amino undecane. 
Hindered amine compounds, such as 1. 6. and 1 1 -tris [2 and 4-screw (N-butyl-N-(1, 2, 2, 6. and 6- 
pen reservoir chill-4-piperidyl) AMIN0)-s-triazine-6-lRU] amino undecane. are mentioned. 
[0085] The nonaqueous electrolyte rechargeable battery of this invention which consists of the 
above-mentioned composition does not receive a limit especially in the configuration, but can use 
it for it as a cell of various configurations, such as a coin type, cylindrical, and a square shape. An 
example of the coin type cell of the nonaqueous electrolyte rechargeable battery of this invention 
is shown in drawing 1 , and an example of the cylindrical cell of the nonaqueous electrolyte 
rechargeable battery of this invention is shown in drawing 2 and drawing 3 . respectively. 
[0086] In the coin type nonaqueous electrolyte rechargeable battery 1 0 shown in drawing 1 , th 
positive electrode where 1 can emit a lithium ion. the negative electrode which la becomes from 
occlusion and the carbon room mat rial which can be emitted about a positiv -electrode charge 
collector and the lithium ion to which 2 was emitted from th positive electrode 1, and 2a are a 
negative-electrode charg collector, the positive-electrode case of the product [ 3 ] mad from 
stainless steel, the negative-electrode cas of the product made from stainless st el, th gasket 
of the product made from polypropylene, and the separator of the product mad fi^om polyethylene. 
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[0087] Moreover, it sets to cylindrical nonaqueous electrolyte rechargeable battery 10' shown in 
drawing 2 and dravying 3 . In a negative electrode and 12. the negativ -electrode aggregate and 13 
a positive-electrode charge collector and 1 5 for a positive electrode and 1 4 The nonaqueous 
electrolyte of this invention, [ 1 1 ] 16 — separator and 17 ~ a positive-electrode t rminal and 18 
— a negative-electrode terminal and 19 — a negative-electrode board and 20 — a negative- 
electrode lead and 21 — for a cas and 24, as for a gasket and 26, an electric insulating plate and 
25 are [ a positive— electrode board and 22 / a positive— electrode lead and 23 / a relief valve and 
27 ] PTC elements 

[0088] Although it is not clear about the mechanism of action of this invention, in an initial cycle, it 
is thought that the above-mentioned silicon compound used by this invention forms a coat by 
carrying out polymerization reaction in an electrode interface. For this reason, it is thought that 
the side reaction of the electrode accompanying [ in a coat ] a cycle for a silicon compound and 
the electrolytic solution can be suppressed to eye a stable hatchet compared with an additive-free 
case, and the increase in the internal resistance by the cycle can be suppressed. Moreover, it is 
thought that resistance of this coat can maintain high service capacity at the time of low 
temperature since it is small. 
[0089] 

[Example] Below, an example explains this invention in detail. However, this invention is not 
restricted at all by the following examples. 

[0090] [Production of a positive electrode] As a positive active material, the acetylene black 10 
weight section was mixed as the LiNi02 85 weight section and an electric conduction agent, the 
polyvinylidene-fluoride (PVDF) 5 weight section was mixed as a binder, and it considered as 
positive-electrode material. The N-methyl-2-pyrrolidone (NMP) was made to distribute this 
positive-electrode material, and it considered as the shape of a slurry. This slurry was applied to 
both sides of the positive-electrode charge collector made from aluminum, and after dryness, 
press molding was carried out and it considered as the positive-electrode board, then, the 
electrode of the portion which cuts this positive-electrode board into a predetermined size, and 
serves as a lead tab weld zone for current ejection — the sheet-like positive electrode was 
produced by scratching a mixture 

[0091] [Production of a negative electrode] The PVDF7.5 weight section was mixed in the carbon- 
material powder 92.5 weight section, and it considered as negative-electrode material. NMP was 
made to distribute this negative-electrode material, and it considered as the shape of a slurry. This 
slurry was applied to both sides of a copper negative-electrode charge collector like the positive 
electrode, and after dryness, press molding was carried out and it considered as the negative- 
electrode board, then, the electrode of the portion which cuts this negative-electrode board into a 
predetermined size, and serves as a lead tab weld zone for current ejection — the sheet-like 
negative electrode was produced by scratching a mixture 

[0092] [Manufacture of nonaqueous electrolyte] That is, nonaqueous electrolyte was prepared as 
given in an after-mentioned example 1-1 to 1-31 and the after-mentioned example 1-1 to 1-3 of 
comparison. It mixes by volume % which shows an organic solvent below, and is LiPF6 further. It 
dissolved by the concentration of one mol/l., it added with loadings (volume %) given [ an 
examination compound (Table 1 publication) ] in Table 1 , and considered as nonaqueous 
electrolyte. 

[0093] [production of a cell] — the sheet-like positive electrode and sheet-like negative electrode 
which were obtained as mentioned above — 25 micrometers in thickness — fine — a hole — it 
was made to wind, where the film made from polyethylene is minded, and the wound type electrode 
object was formed The acquired wound type electrode object was inserted in the interior of a 
case, and it held in the case. At this time, the current collection lead with which the end was 
welded to the I ad tab weld zone of a sh et-like positive electrod and ach sheet-lik negative 
electrod was joined to the positive-electrode terminal or negativ -el ctrod t rminal of this case. 
Then, the above-mentioned nonaqueous electrolyte was pour d in into the case wh r this wound 
type electrode object was h Id, and the case was sealed and closed. With the above procedur , 
phi18mm and the cylindrical nonaqueous electrolyte rechargeable battery (cylindrical lithium 
secondary battery) with a length [ of shaft orientations ] of 65mm were produced. 
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[0094] The various properties of the above-mentioned cylindrical lithium s condary battery were 
measured with the following measuring method. Those results are shown in the following table 1 . 
[0095] <Initial service capacity> It is 2 the 0.25mA [/cm ] charging current first. Constant-current 
constant-potential charge is carried out to 4.1V, and it is discharge current 0.33 mA/cm2. 
Constant-current discharge was performed to 3,0V. Next, charging current 1.1 mA/cm2 It is 
constant-current constant-potential charge and discharge current 1.1 mA/cm2 to 4.1V. Charging 
current 1.1 mA/cm2 after performing constant-current discharge 4 times to 3.0V It is constant- 
current constant-potential charge and discharge current 0.33 mA/cm2 to 4.1V. Constant-current 
discharge was carried out to 3.0V, and service capacity at this time was made into an initial 
capacity of a cell. In addition, measurement was performed in 20-degree C atmosphere. 
[0096] The <elevated-temperature cycle characteristic test> above-mentioned cylindrical lithium 
secondary battery is put in in the thermostat of 60 degrees C of ambient temperature, and it is 
charging current 2.2 mA/cm2. Constant-current charge is carried out to 4.1V, and it is discharge 
current 2.2 mA/cm2. To 3V, the cycle which performs constant-current discharge was repeated 
500 times, and was performed. Then, ambient temperature is returned to 20 degrees C, and it is 
charging current 1.1 mA/cm2. It is constant-current constant-potential charge and discharge 
current 0.33 mA/cm2 to 4.1V. Constant-current discharge was carried out to 3.0V, and the ratio 
of the service capacity at this time and an initial capacity of a cell was made into the service- 
capacity maintenance factor. 

[0097] For measurement of the internal resistance of a <measurement of the internal resistance 
rate of increase> cell, the charging current is 1.1 mA/cm2 at 20 degrees C or -30 degrees C first. 
Constant-current constant-potential charge was carried out to 3.75V, it scanned to the frequency 
of 100kHz - 0.02Hz using : frequency response analyzer solartron 1 260 by alternating current 
impedance measurement equipment TOYO Corp.. and the POTENSHO/galvanostat solartron 1287. 
and the Cole Cole plot which shows imaginary part to a vertical axis and shows real part to a 
horizontal axis was created. Then, in this Cole Cole plot the radii portion, the value of the larger 
one was made into resistance among two points which intersect the real part of this circle, and it 
considered as the internal resistance of a cell. [ the circle ] The internal resistance rate of 
increase performed measurement of this internal resistance before and after the cycle 
examination, and defined it by the following formula. 

= (resistance after a cycle examination) (Internal resistance rate of increase) /(resistance before a 
cycle examination) 

[0098] <Low-temperature characterization examination> The -30 degrees C [ to 20 degrees C ] 
service-capacity ratio and the internal resistance ratio were measured. 
Service-capacity ratio =(-30-degree C service capacity)/(20-degree C service capacity) 
Internal resistance ratio =(internal resistance in -30 degrees C)/(internal resistance in 20 degrees 
C) 

[0099] [An example 1-1 to 1-31 and example 1-1 to 1-3 of comparison] LiPF6 was dissolved in 
the mixed solvent which consists of ethylene carbonate 30 volume % and diethyl carbonate 70 
volume % by the concentration of one mol/L. the examination compound (refer to Table 1 ) was 
added further, and it considered as the electrolytic solution. In addition, the example 1 of 
comparison did not add an examination compound, and the example 1-2 of comparison and the 
example 1-3 of comparison reached following comparison compound No.36 as an examination 
compound, and 37 was used for them, respectively. Consequently, when initial capacity of a cell in 
the example 1-1 of comparison was set to 100. an initial capacity of a cell of other examples and 
the example of comparison also showed the value more than equivalent. 
[0100] 
[Table 1] 
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No. 




»m (%) 

500 W*» 


im <%) 




it (%) 




1 - 1 


No. 1 


0. 1 


88. 0 


13 5 


7 8 


12.6 


Hifift 1 - 2 


No. 1 


0. 3 


88. 5 


133 


8 0 


11.7 


ni&n 1 - a 


No. 1 


0. 5 


89. 7 


130 


8 1 


11.5 




No. 1 


1. 0 


89. 5 


130 


80 


11.6 




No. 1 


1. 5 


89. 3 


1 3 1 


76 


1 2. 4 




No. 1 


2. 0 


89. 1 


13 1 


7 5 


13.5 


nmii-7 


No. 2 


0. 5 


86. 7 


13 8 


78 


1 3, 1 




No. a 


0. 5 


8 7.2 


1 3 6 


7 7 


13.2 




No. 4 


0. 5 


88. 6 


1 3 3 


80 


11.7 


nt^m 1-10 


No. 5 


0. 5 


84. 2 


142 


7 5 


1 5. 1 


1-11 


No. 6 


0. 5 


8 7. 6 


134 


74 


1 5. 2 


Mmi-12 


No. 7 


0. 6 


88. 0 


135 


78 


1 3. 0 


«l«l-13 


No. 8 


0. 5 


87. 7 


140 


7 5 


1 5. 0 




No. 9 


0. 5 


88. 5 


133 


76 


14. 9 




No. 10 


0. 5 


85. 5 


1 40 


7 6 


1 4. 8 




No. 1 1 


0. 5 


85. 2 


140 


7 4 


1 4. 6 


«fi«l-l 7 


No. 1 2 


0. 5 


8 7.4 


1 3 7 


7 4 


1 4, 7 


HifeMi-ia 


No. 13 


0. 5 


87, 6 


1 39 


7 8 


1 3. 0 


^^1-19 


No. 1 4 


0. 5 


8 7.5 


134 


7 8 


13.1 




No. 1 5 


0. 5 


84. 2 


142 


7 5 


14. 8 


3»fiMl'-21 


No. 16 


0. S 


8 5.2 


1 40 


7 6 


1 4. 9 


UMI^ 1-22 


No. 1 7 


0. 5 


86. 7 


13 8 


7 5 


14. 8 


KEM|f|l-2 3 


No. 1 8 


0. 5 


87. 2 


136 


7 4 


14. e 


3lltt9i|l-24 


No, 19 


0, 5 


8 7.7 


140 


7 4 


14. 5 


feKIWl-2S 


No. 20 


0. 5 


8 7.6 


13 9 


7 5 


14. 8 


#01911-26 


No. 2 I 


0. 5 


8 7.5 


134 


7 5 


1 4. 5 


WIWl-27 


No. 22 


0. 5 


8 7.4 


13 5 


7 6 


1 4. 9 


Xlif! 1 — 28 


No. 2 3 


0. 5 


8 6.7 


13 8 


74 


14. 8 


$ft0«l-2 9 


No. 24 


0. 5 


8 8. S 


13 3 


7 7 


13. 1 




No. 2 5 


0. 5 


88. 0 


1 35 


7 6 


1 3. 2 




No. 26 


0. 5 


8 4. 7 


141 


75 


1 5. 0 


itttWl-l 






78. 6 


1 5 1 


58 


18. 1 


itlMill-2 


No. 36 


0. 5 


78. 4 


150 


5 9 


1 8. 0 




No. 37 


0. 5 


78. 3 


15 1 


5 8 


18.0 



[0101] 



0 

CiHs— a— Si— 0— CjH$ 



[Formula 43] Comparison compound No.36 
[0102] 



? 

C1H5 



CHa CH3 
CtHs— Si— 0— Si— CtPs 
[Formula 44] Comparison compound No.37 CHi CH, 

[0103] [An example 2-1 to 2-10 and example 2-1 to 2-2 of comparison] It is LiPF6 to the mixed 
solvent which consists of ethylene carbonate 30 volume %. diethyl carbonate 60 volume %, and 
triethyl phosphate 10 volume %. It dissolved by the concentration of one mol/l.. the examination 
compound (refer to Table 2) was 0.5 volume % Added further, and it considered as nonaqueous 

[olSrAnd the service-capacity maintenance factor after 500 cycles (%) and the internal 
resistance rate of increase after 500 cycles (%) were measured, r spectively by the same 
measuring method as measurement of the above-mentioned el vated-temperatur cycle 
characteristic test and th above-m ntioned internal resistanc rate of increase. Moreov 
fire-resistant sex test was also performed by the method shown below. Thos 

the following table 2. , ■ o < o in »„h 

[0105] To nonaqueous electrolyte given in the <fire-resistant sex-test> example 2-1 to Z 10. and 



r. the 
results are shown in 
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the example 2-1 to 2-2 of comparison, the Manila paper for separator with a thickn ss of 0.04mm 
judged in width of face of 1 5mm and length of 320mm was immersed, after that, this Manila paper 
for separator was hung to the perp ndicular for 3 minutes, and excessive nonaqueous lectrolyte 
was removed. The support ne dl of the sample base which has a support ne die at intervals of 
25mm was stabbed with the Manila paper for separator into which this nonaqueous lectrolyte was 
infiltrated, and it fixed horizontally. This sample base was put into the 250mmx250mmx500mm 
metal box. the end of the Manila paper for separator was lit with the writer, and the length 
(combustion length) with which the Manila paper for separator burned was measured. The case 
where O and combustion length were 10mm or more as what has self-extinguishing in the case 
where combustion length is less than 1 0mm was estimated as x as a thing without self^ 
extinguishing, respectively. 
[0106] 
Table 2] 





*No. 




»^ (%) 
BOO iHfm 






mmmz-i 


No. I 


0. 5 


8 3.5 


1 3 9 


o 




No. 2 


0. 5 


8 1. 7 


1 4 9 


o 




No. 3 


0. 5 


82. 5 


1 4 7 


o 




No. 7 


0. 5 


82. 7 


148 


o 




No. 9 


0. 5 


8 1.7 


149 


o 




No. 12 


0. 5 


8 2. 1 


1 48 


o 




No. 13 


0. 5 


8 3.4 


14 2 


o 




No. 14 


0. 5 


82. 1 


14 7 


o 


mKm2-9 


No. 21 


0. 5 


8 0.9 


16 0 


o 


l?Jt«2- 1 0 


No. 25 


0. 5 


8 1.8 


14 9 


o 








7 7. 5 


164 


o 


lt««|2-2 


No. 37 


0. 5 


77. 4 


165 


o 



[0107] [An example 3-1 and 3-5] To the mixed solvent of the composition shown in the following 
table 3. it is LiPF6. It dissolved by the concentration of one mol/l.. examination compound No.l 
(refer to Table 3) was 1 .0 volume % Added further, and it considered as nonaqueous electrolyte. 
And the service-capacity ratio (%) was measured by the same measuring method as the abov - 
mentioned low-temperature characterization examination. The result is shown in the following 
table 3. 



[0108] 
[Table 3] 

















Sit (96) 


3-1 


3 0 


50 


1 0 


No. 1 


8 1 


3-2 


30 


5 0 


2 0 


No. 1 


8 3 


mmm 

3-3 


3 0 


40 


3 0 


No. 1 


84 


3-4 


3 0 


50 


2 0 


No. 1 


8 3 


3-5 


3 0 


5 0 


2 0 


No. 1 


8 2 



[0109] The nonaqueous el ctrolyte rechargeable battery using th nonaqu ous electrolyte which 
added the silicon compound of this invention has a small reduction of the service-capacity ratio by 
the cycle so that cl arly from the evaluation result of above-mentioned Table 1 and 2. On the 
other hand, the nonaqueous electrolyte rechargeabi battery using the xampi 1-1 of comparison 
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whose silicon compound is not added, and the nonaqueous electrolyte of 2-1 has checked that the 
service capacity after a cycle was falling greatly. 

[01 10] Moreover, when the silicon compound applied to this invention at the time of low 
temperature was added, while raising s rvice capacity, it has checked that internal resistance 
could be reduced. 

[01 1 1] Furthermore, in the above-mentioned table 3, it has checked raising the service capacity at 
the time of low temperature compared with the examination (electrolytic solution which does not 
blend the ester compound of the low congealing point) of the above-mentioned example 1-4 by 
blending the ester compound of the low congealing point as a solvent of the low-temperature 
electrolytic solution. 
[0112] 

[Effect of the Invention] By using the nonaqueous electrolyte which added the silicon compound of 
this invention, the nonaqueous electrolyte rechargeable battery excellent in the cycle property and 
the low-temperature property can be offered. 



[Translation done.] 
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(54) [^m<o&m ^yi^mm&Rxmwim&m^'^^^yiimimzi^mm 



(57) 



Ri-Si— |-x — si-j-Rs 



[ftn 



(1) 



(2) 



2002-13416 




lit I] 
(1) 



[nmms] (i ) cc^^^t. r, -r, 

[11^:^4 ] ±fB-|KS ( 1 ) CC:foC^T. X:^mmm 20 

^ ^ -ir ^ b^i^^^WT ^ f t^:^ 1 - 3 <D I i-rn 



(2) 



SO3 CF, . N (CFa so, ) , . C (CF. SO 

im^m 1 0 ] ±ia-jj55^ ( 1 ) vm^ti^:^mm^ 

is^ji 1 - 9 o:>i.^-rtii)^ctmm^ykmmn. 40 
itmm 1 1 ] mmmt uxtmm 1 - 1 o<Di>rti 

[0 00 1] 



[0002] 

[0 00 3] x^ipx^. i^is^'^mm.^JK^mt. (Svmbs^ 

[0004] #p7J<«»^KIl;^c«^6cr)$^tt'^>«^^tt<D 
j^iH^ 1 0-3266 1 1 ^^m,m^. mwmk^mm 

/c. !^PB¥ 1 0-5582 2#^f8fca. KjKffiW^^ 



(3) 



2 002-134169 



fc. mmw^ 1 1 - 1 6 6 0 2^^mat. s i 



R 
I 

Rj-S 

*3 



1 / ^\ 



[0 006] 

10 iB-ji5S: ( 1 ) r'm^ti%:^mmi^'^^mr^^^m{t 

[0 00 8] 
[{t3] 



(I) 



[0009] 

[0010] ±12-89:^ ( 1 ) ^c^si^r. Rx -Re r 3o 
^^'U. ^H::^^;!/. ^>^;K '^t?*^;!/, :f 

cDT >'^ax^3: c n 5 6>^« 5 4i ^ r + 

2-:/-r^;i'. 1, 3 - 2--^ 

SiLTti. x^'^iU, 2 -y'U\z:^)l^ 1, l-i^^j^ 
5^>»l/ - 2 - b-^;l'^©J^M^2- 8 or>T>»U4^^ 

^o^^j^^Si^e-i 2cDry-Ji/S3^c^cn6cr)s^> 
[001 1 ] ±iB-l9!S; ( 1 ) fcfci^r. xr« so 



^ti^r)V^u>mRZJ^rji'^u>i:^:t^tymtLX 
{'3:. -p^^^U^. M;^^U>, 2. 2-i^y 

9^;H-U^^b>. rF^^^u>. «-c>^^^U>^ 
•^+1^^ ^ u>^©K^Jl^lS 1 - 8 cDr;i'+u>ax 

::^5'^U>. •^>^::^U>, I. 1, 4. 4-7^h 
^ ^ r^r- U > ^O^^jl^^ 2 - 8 CD r =^ U 

\yy^R^TV-iy>i>^^i^mtVX\it. :7x^l^ 

;u ^ u >m<D^mM^m 6-i2CDry-u >sx 

C n 6 <Da;Cr» 6g|29 S n S T y - U > + i^S;^^ 

[0012] ±tB-jKs ( 1 ) xm^n^:^mmm^^ 
ft^jgjNo. i-No. 2em'^^mfhti^o fit. * 



[0013] 

lit4] it^^No, 1 



CH3 CH3 
CH2= CH— Si — a— S i— CH= CHj 
CHa CHa 



[0014] 

[ft 5] it^mNo, 2 
C2H5 



CH2=CH— S i— 0— S i— CH=CH2 
C^Hs C2H5 



C4) 



10 



JftPB2 0 0 2 
6 



13 4 16 9 




[0022] 

[fbl 3] it^mNo. 1 0 



CH3 
0 

CH3— 0— Si— C=CH 
0 



[0015] 

litG] it^mNo. 3 

CHj CH3 
CHaO— Si— €=0— ^ i— OCH3 
CH3 CH3 



[0023] 

[fbl 4] it^mNo, 1 1 



CH3— CH- C2H4— 0— S i— CH= CH2 
OCHs 



[0016] 

[fb7] fb^No, 4 



CH3 



CH3 



CH2=CH- S i— 0— S i— OCH 
CHa CH3 



[0024] 
20 [fbl 5] fb^iBjNo. 1 2 



CH3 CH3 
CH3— S I— C^C— S i— CHa 
CH3 CH3 



[0017] 

[fb8] {t^mNo. 5 



CH3 

CH3— 0— Si — (^CH 
CH3 



[0018] 
[fb9] fb^i^No. 



6 



CH3 CHj 
CH2= CH- S i— 0— S i— CH3 
CH3 CH3 



30 



[0025] 

[fbl 6] fb^JBjNo. 1 3 



CH3 CH3 

CH2==CH— S i S i— CH=CH2 

CH3 CH3 



[0026] 

[fbl 7] fb^JKJNo, 1 4 

CH3 CHj 
CHr^ CH— S i — CHiCHj— S i— CH= CH2 
CH3 CHa 



[0019] 

[fbl 0] it^mNo. 7 



j:H3 



CHa 



CH2= CH- S i— 0 — (ij) — (H- S I- CH= CH2 



I 

CK3 



CHs 



[0 027] 

[fbl 8] fb^!KJNo. 1 5 

CH3 CH3 

40 CH2= CH— S i— 0— S i— 0— S i— CH= CHj 

CH3 CHs CH3 



[0 02 0 ] 

[fbl 1] it^mNo, 8 



CH3 (fH3 
CH2= CH- CH- 0— S i— 0— S I— CH3 
CHs CH3 



[0 028] 

[fbl 9] fb^«?No. 1 6 
OCH3 



CH3O— Si— CH=CB2 
OCHs 



[002 1 ] 

[fbl 2] it^m^o, 9 



[0029] 
50 [fb2 0] fb-^igjNo. 1 7 



(5) 



2002-13416 



OCHjCH=CHz 



CH2=CHCH20— Si— OCHgCH^CHi 
OCH2CH=CH2 



[0 03 0] 

Ut2 1 ] ft^WNo. 1 8 
CH3 



CHj— Si— CH=CH2 
CH=CH2 



[0 0 3 1] 

Ut2 2 ] it^mNo. 1 9 
CH3 



CH3— S i— 0— CH2— C= CH 



CH3 

[0 0 3 2 ] 

[fb2 3 ] it^^No. 2 0 



CH3 

CHs — SI— CH=CH2 
CH3 



[0 0 3 3 ] 

Ut2 4] it^mNo. 2 1 
(^3 



CH3— S i— 0— CH2— CH= CH2 
CH3 



[0 034] 

[ft2 5 ] it^^No. 2 2 



OC2H5 

C2H5O— S i— 0— CHz— CH=CH2 
OC2HS 



[0 0 3 5 ] 

[fb2 6] it^mNo. 2 3 



CH=CH2 
CH2=CH-SI— CH=-CH2 
CH=CH2 



[0 03 6] 

Ut2 7 ] it-^mNo. 2 4 



CH2=CH— Si- 
CH3 




0— SI— CH==CH2 
CHa 



[0 03 7 ] 

lit2 8] it^mNo. 2 5 



20 



30 



40 




[0038] 

[fb2 9 ] it^mNo. 2 6 
10 CH3 

CH2= S i— 0-^ CzHiO^ S i— CH= CH2 



CH3 



CHa 



CH3 



50 



[0 0 3 9 ] ±.^^(D^mm1t§^4:^'r -{Mit^mit 

[0 040] ±gB^-r^^b^W. SBS^LMl^^b^ 

^tc. CCD^m^mm-r^tc^t^CU. O. 0 5--5#:S 
M*L'<. 0. l---3im%f)^J;:^mtb\.\ 0, 0 5 

< u^ox-mm-c^ ^ 0 < . ip-:, xmmmcon 

[0 04 1 ] :$imM(ic%^±t^^ ^mit^miit. mm^ 
pkmmi&tLxmi>^rixi>^imxu2mi^:x±(D0yK 
mmtm^^t>^tix07kmmmt{yxmi.^hti^^ c 
<D^i>rj:^mmmtLX{t. mc. mixtf-^<^--vit 

^m^K^xrj:<. Mmm,<D^&. nbti^mm<omM^ 

[0 04 2 ] :^mM<D^mmmm^cmi>^ti^^mmm 
ti6^mmm^t. i^:ir(om7j%^cj;:^xmM^ti?>i><Dx 

[0 04 3] miKtf-7i(:^- hit^. mit:r.:^f^)lit 
^m. :^)\^t^>X^:Si:^JVt^^i^h'1t^. rv^ Ffb^ 

mtLXiit. x^^>;?7-7K;^•" h (EC) . yob'u 

>i:j-yi<:^--h (PC), \:^:^\y>tf-7r^^-h. ':f^ 



[0 044] ili^^'-Ti^'^- h fb^. mitXii^xmiJ^:^. 

}\^tf-:^^:^^-V (DMC) . 
(EMC) . ly:Ji^)Vt}-:>\i^-V (DEC) . 

x--f;Hti&1»iLxt:{i. h=lr^'J:a?> (DM 

I? 



(6) 2 0 0 2 - 1 3 4 1 6 9 

10 

TIB-IKS (2) r^$n€>:<7^l^4^>®x;^r;Mb^5e5 
;^?s^^f6ti. Tie-te^ (2) JC4oC^^^^®tl-4CD 

c <t >5^"r' ^ ^ . ;v >® X X 7^ jii t^mcommm 
7mm 1 0 0 f$a* (ci - 5 0 wm%m c ^ >E) c <h ^ 

h u y ^ > -f^ c n 6 c> ^ fla I i c i ^> -e t -5 „ 

[0 04 6] 
[ft3 0] 



CnR2n+i— C— 0— R ^2) 



[0 0 47 ] ^/c. Tis— (3) -cm^nMmtf 

o o 

R9— O— C— O-Rjtr-O— C— O- R„ 



[0 04 8] 
[fb3 1 ] 

(3) 



[0 049] ±ia— flaS ( 3 ) 5C4ol>r . R, ao'Rai 

^J^iLX^i. MWmat. 1. 2 -ex (^h^^;^7 
^r^xjUjt^v-) Xi5?>. 1, 2 - trx (X h^>':^7;U^ 40 



★ [0 050] im:L-rMt^m(<c^msn^rm-'m 

(4) r*$n6i^y::i-;Ui:'x^7^;Wb'^t^. * 

[0 05 1 ] 
[fb3 2] 
i4) 



[0 0 5 2 ] ±1^—93^; (4) tc4oli-C. R^^SO'R,. y^>»k x^;l/, h y :7;^:i-px^;l/, :7'ptVP. ^> 



11 

;u) a-;Vt'X (hy:7;U:^'a 

0=P— 0— Rib 
0— R,T 
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[ 0 0 5 3 ] */c. *:^0^O^N*^mtC^J. Mtt* 

[ 0 0 5 4 ] ±iay >^mmMt i^xu. Tt^-mA 

(5) . (6) X^i (7) r^$n^y>K:iix^;Ht 

[0 055] 
Cfb3 3] 



0=P— 0 (6) 



0=P^O-R2o (7) 

(^+. R,,. R,,. R,7&t^R,oii^^iMi=^ft i-Bcorji.^ji.s. t;w 



[0 0 5 6 ] ±tB— 1^3:^ ( 5 ) ( 6 ) ^C^bH^f ^ 
m^U. j^^)^. y'nt:)i^ y^)\y^ 

tLXlt. m:^\t. 2-yjV:i'U3^^)l, 2. 2, 2- 
[0 0 5 7 ] ±SB-9a^ (6) tCfctt^R^-caSn^ 

r;i'^xu>siLt:5s. t':^u>. >^-rx 

:7'pexb>, 2 -:/5^:::^U>, 1, 1. 4, 4- 
•r h'5^^;l'-2-:/^xi.>, i, 4-5:^y^>iU- 
1, 4->>x5^;L'- 2 -:/5^xu>. 1. A-i^^^M 40 
-1. 4-i^>f y:/5^;l/-2-:/^xu>^3&5p(;f6ti 
6. 

[0 05 8 ] ±iB~l$^ (7) tcfctf ^R.o-ea^tl-S 

m(OT)va--)vtLxi(t. mt^. ^i;-fei;>, hv^ 

^n-;l/x^>, F y ^5^c^-;^:7*a>'^•>, 1. 2. 4 
[0 0 5 9] ±iB-g$se (5) - (7) r^^^n-syv 

•^No. 2 7-3 S^O^^tf^n-So ilL/. ^:^?gtcm 50 



ffij 6 $iJKg 5 n CD "c « j^cc c i . 

[0 0 6 0 ] 

[{t3 4] it^mNo, 2 7 

0-CH3 
0=P— O-CH3 
O-CH3 

[0 06 1 ] 

[ft3 5] it^m^o. 2 8 

O-C2H5 
0=P-0-C2Hs 
O-C2H5 

[0 062] 

[fb3 6] it^mNo. 2 9 

0=P-0-CH2— CF3 
O-CHj— CF3 

[0063] 

[fb3 7] fb^igJNo. 3 0 



23 

O-CHj 

0=p^o-<[:h2 
0-CH3 



[0 064] 

[fb3 8] it^mo. 



3 1 



0=P-0-CH2 
O-CH3 



[0 0 6 5] 

Ut3 9] {t^tJNo. 



3 2 



O-CH. 
0=P-0-CH2 
O-C2H5 



[0066] 

Ut4 0] it^Wo. 



3 3 



0-CH3 

0=P— O-CH 
\ I 
O-CH2 



[0067] 

Ut4 1 ] it^mNo, 3 4 
O— CH2. 



0= P^O-CHz^C-CHa 



[0 06 8] 

[fl:4 2] fb^Wo, 



3 5 



0=P-0-CH-CH2 



[0 06 9 ] ±ia-M^ (5) - (7 ) -c^^n^u > 

[0 070] ^fc. ±ie-fl$^ ( 5 ) - ( 7 ) r^^ti 
[0 0 7 1 ] */c. :^^^n'cm^>hn6mmmm.tbx 

6. LiBF* . LiAsFs . LiCF, SO3 v L 
i N (CF3 SO, ) X , L i C (CF3 SO, ) , . 
LiSbFe . LiSiFs. LiAlF, . LiSC 
N. LiClO^. LiCl. LiF. LiBr. Li 
K LiAlF* . LiAtCl, . NaClO* . N 



C8) J^P2 0 0 2- 1 3 4 1 6 9 

14 

aBF, . Nal^y&iWen, *t?fe. LiPF, . 
L i BF. . L i C I O, . L i A s Fe ^CDfl^«^> 
^mc^ CF, SO, Li. N (CF3 SO, ) , L 

i. c (CF3 SO, )3 Limo:>mmm^hU6m<i: 
[0 072] ±immmmt. mmm4^<Dm&i^K o . 

1--3. 0^;l//V h^l^. ^^co. 5-'2. o^jvy 

[0 07 3 ] :^'mM(Dimmmmt. ~^xxur.'Am 
[007 4] :^mmimmmm-:xmmo:>mmi^ut 

m^^mtLX\t. T i S, . T i S3 . M0S3 . F 
eSj . Li(i_x) MnO, , Lid-o Mn, O^ . 
Lici-x5 CoO, . Lic,_., N i Oz , L i V, O 

, , V, Os mf)mi^^ti^. fj:^. mEmm^mom 

iCoO, . L i N i O, . LiMn^ O4 . LiMn 

o, . L i V, 03 mmti^x^y^K emcKiEffiffi^M 

(jy^mmt.hx\t. m^\t. 7f<y :;^be:^y ^ 

30 y-r h^:7;l/:i*px5"u>, EPDM. SBR. NB 

[0 07 5 ] \^x\%. 'umxmm.t^mn 
^^s^s-c;^^y-^bu/t^>^7:)%«mmc^fl^u. 

m.wmm. ^mftjj^y-^-^^&^^tfeti^o « 
ioo7e]iEm<Dmmitbx^t. m&omi^. r 

50 ISSSB^^KT-S^^tS^JjC^^SSti-Sc N- 
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[0 0 7 8 ] :^mM(o4mmmm:z'.xmmv^^t. lEmt 

^ y^'ur ^ F. t-Vf^h'yy^ituj^^i^^. 
d^yr^ F. TKy-Y^F. Ji<yx5^u>:t+>^F-¥^4<y 

•:/Pfc:'U>^+>>F^<D^Hyx-7";Uil, 
5^;l/-k;l/p-;^-^b FP+t^T^'Pb'jU-fe^UP-jj^^oa 

.^0"fe;i/p-xs. >]<y (^^) r ^ ^) )vmm^^(om 

yc®l6(c y X ^ u v-ti^^ y :7*n b U > . y :? > {fc 

exyr^>. ^y::^JL'^>;&5^?^b<fflt,>6n^. 
[0 07 9] Cne<7)-t2>'^'U-^:7-^;i/A('^, nMW.t^ 

€»o #cc. *^B^cc»^u<fflii6n^?j<yx^u>-^ 
4<y^2^fttrxy7^>{c*f6r«. ffi^aia)!^^*?* L < 

[0 080] ^mim^yi^mmmr:.xm:m^cm^^hti^ 

[0 08 1 ] ±iB:7 X -/-^vsg^^tij^jtgrji i^x\t,. m 



(9) i^P^2 0 02- 1 34 1 69 
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^{t. 1, 6 -^=^1f^^b>b:^ C (3 

~5 -^5^;U-4-b FP + ^:7xx;l/> T'Pb^tVK 

T5F}. 4. 4* (6 -^=:/^;^-In- 

^^y'-;^) , 4, 4' ->^^yr^>b;^ (6-||H>^ 
^^^Iz-m-^^V^-;!.) , 1. 1. 3-hy;:^(2-y 
^;b-4-b FP=ft/-5 -ir=:/^;l.:7xx;P) 

1. 3. 5-hyx(2, 6->?^5^;U-3-b F 

1. 3. 5-Fyx(3, 5->^mH:7'^;^-4-t: F 
10 P^^S^-Ov^;!/) -r wT^U-h, 1. 3. 5-hy 
X (3, b A-\=.\^U^iy^l^V)l) 
-2. 4, 6- h y^^;V--c>4f>^ r^h-^^^^;^ C3- 
(3. 5 -5;'||H:/5=-;V-4-b Fp^^^S^^xxjU) 
Pt*:^>®^5^;l.] y^>, ^7h>^x^u>i'^y 
bX C (3. 5 ->?||H::?'5^;b-4-b FP^v't^^x 

C (3, 5 -t>^H:/^;l/-4 - b FP^t^^'xxjU) 
:7'pb:*^^.- h K b;^ C3. 3-bx(4-bFP=^ 
i^- 3 -||H:7'^;l.:7a:x;i.) y F J y 

20 y =7-;l/x;^'r;u, b;^ [ 2 4 - ^ 
-6- (2-b FP + ^^-3-|g^-:r5^jb-5--^^;U 
•-c>5^;V) :7xx;i.] T-u:7^U- F. 1. 3, 5-F 
y;^ C (3, 5 -t:?||H:/?;l'-4-b FP^^t^T^^iix 
;U) :7*Pb:^-x;U:t4^>'X^j|/] -YV>'T3?U-h. 
3. 9-b;^Cl, \-VjI^}V-2- { {^-m^-f 

^;l,-4 - t FP + ^>-5 -^5^;Ur7:i:j:i;L.) :7°pt':f 
x;U:t^i-') x^;l.3 -2, 4. 8. 10--rh'5:t + 

-y-xbp C5, 5] 'i7>r;(7>. Fyx^uv^yn- 
^Ub>^ C (3 -||H::^5^;l'~4 - b Fp=^>'-5 - ^5^ 
30 ;l^:7xx;i.) :7*Pb:^4^- F) mst**4 

1 0 0MM^(c>!tur, 0, oi-iosaas. ctosf 
[ 0 0 8 2 ] ±ia y >^MibK±siji uTt^. t?(x«. 

h y >^>^x;^:7xx;l/7^;3^:7r f'y;^C2-^H 
^^;L_4_ (3-||Hr^5^;U-4-b FP+i^-5 - 

;^:7t^ h. (•re>;l') xx;l.;t^x r 

( Fy-r!-/;!/) --o^xyxy ^-;I/5^;f^;^:7 r 
40 5^ (^x;L':7xx;i/) ^>3fxy xy h->'U>^^x 
^'T-rh. bX (2. 4->>||H:/^;l/7xx;i.) ^> 
tSfxyx y h-;p>j.i>x:7 r bx ( 2 , 6-5;^^ 
H:/^;V-4-^^;l/:7xx;U) ^>:$?xyxy F-^U 
5^*x:7t-<F. bx (2. 4. 6- Fy|lH>^^;i/:7 
xx;i/) "-o^xyxy h-;Us;?;^x::?T Y F. bx 
(2, 4 -v^i' 5;l/:7xx;b) •^>^xyx y F-^l/i/ 
ii^X^'T^TF. -f-F^ (hVr'tyJl) 'rv:/Pb-yf^> 
>?:7xy'-;^^/.-^x:7T-f F. r^F^ (Fyf'i^;!/) - 
4. 4' -n-:/^y'f^>bx (2-mH:/^;^-5- 



(10) 
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Jl)-l, 1, 3 - f (2 ->^^;L/- 4 - 1 Fa + 

^^U'>i^t-X*:^'f 9. 1 0 FP- 9 - 
1 0-^^x:7T:7^:^>x^>- l 0-:^*^if 
2, 2* ->^^U>bf;^ (4, 6-mH:/^;l/:7 
ji^^U) -2-x^;^'-^.^^t^;l/;^^x:7T'r 2, 2* 
-y^U>t:'X (4, 6-®H:7'^Jl/:7a:j:-;U) -:t^ 
^f=^>';^3^^x:7 7 >r F. 2, 2' -x^i;f^>ex 
(4. 6 ->^||H:/9^;V:7 x:r.;l/) r7;l/:=^^;^^:7 r ^ lo 
h. h 'J><. (2 - [ (2. 4. 8. 10--rh^+X^ 
Cd, fD Cl, 3, 2 ) ?^ 

x^;b-2 -7>;l':7*nt'U>^'Un-;bi 2. 4, 6 

:t>^>^5 y x^ii-, ^^>>:7*a f:?f->ffi?t;^;^r*r y>^u 

^CDi^T ^P^;!/ 5^ ^ y'V. t*:f - h il5tO*-^> ^ U 20 

[0 0 8 4] ±iat > FT ^ LX 
tS. 2. 2. 6. 6 -7- F^^^>H/-4 -t:"--< 

y>^;u;^f'Tu-F. i. 2, 2. e. 6--^>^^5^ 
;U-4-t*--<y>::;>;l';;^7^r 2. 2, 6. 6--f 

F'^^^;b-4 -b*-^yi^;U-^>V"j:— h';^ ( 2 » 

2. 6, 6-f*F^^5^;l'-4- f-^y^;P) ^2>^^'^^^ 
rF->=^X (2. 2, 6, 6 -r- F5^^;l/-4 - 

b*'-<y>^;U) - 1 , 2, 3. 4 ~ >^^>x F"^;^;U.i<^ 30 
i^U-F. -rF^^^^X (1, 2, 2, 6, 6 — -^>^y 
^Ji/-4 -b--iy-:^;l/) - 1 . 2. 3. 4-y^>f'h 
^:^;U3t^^i^U- F. trx (2, 2, 6. 6-rF^-^ 
^Jl/-4 - t'-xy>:;j;V) . ( ^ y^.^^p) - i ^ 2. 

3. 4-r^^>T'F-5';t;;V#^5>'U- h. t';^ ( 1 . 
2, 2, 6. 6--^>i7^5^;U-4- f-^yi^;U) 

( F yf'v'^U) - 1 , 2. 3. 4 -tr^^f F^:^^^^K 
^VU--h. b^y^d. 2. 2. 4. 4---^>^^^;l/ 
- 4 - b*-K y -2-:/^;l.-2- (3. 5-^11 
H:/^;l'-4-b Fa^^"^>>?;i') va:^-F. 1- 40 

(2 -b FP + Vx^^iV) -2, 2, 6. e-f^h^^ 
- 4 - b*-^ y - ^?Ki^x 
2^9. 1, 6-b';:^(2, 2, 6, 3 -f^ h ^ j^^JV- 4 
-b*-^y i^;FT5 •^+1^>/2, 4-i^^ap-6 
-^;b3^yy-s- F yT^;^>fi»^®. 1, 

(2. 2. 6. 6-'rF'7^5^;V-4-b'--iye^;l/r 5 
>') •^^1^>/2, 4~ty^U]:2-6~m:=:t^^J\^r 

^y - s - h^)rz^>mm^. i. 5. s. 12-^ 

F^4^>; C2, 4-b';j^ (N-:/^;l^-N- (2. 2. 
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- h yTi^>-6--r;l/] - 1, 5. 8, 12-f'F^ 
T1f Ff';^>. 1, 5, 8, 1 2-f-F^^;^ C2. 4 
-b';^ (N-^^;b-N- (1. 2. 2. 6. 6--^> 
^y^;F-4-b*^y>^;l^) y) - s - F VT>^> 
-e-^JbJ-l, 5, 8 - 1 2 -7^ F^T1f Fr^:^ 
X 1. 6. ll-Fy;5^C2. 4-br;:< (N-r^^;U 
-N- (2, 2. 6. 6 --r F^^^;l/-4 -b*^y t;^ 
>^U) T5y) - s - hVrV'>-3-^)i:\ T^y^> 
y^tfy. 1. 6. ll-Fy;^C2, 4-bX (N-:/ 
^;U-N- (1. 2, 2, 6, 6 --<>:$?^^;l/-4 - 

b'--<y>^;u) r 5 y ) - s - F y Ti^>~ 6 --Y^^uD r 

5y»>>7^;^>^(7)b>^'-- FT ^>fb^^?&^^tf 5n 

[0 08 5] ±ia«^?:)^e>4^^*^B§fD^N7kMMf«r:^ 

[ 0 0 8 6 ] Ell CC^Tr: ^ >M<D^^*m^M^y:mfte 
lO^^jC^r. Hiy 5^»i?A^^^>^S!cfcHTr^-SiES. 
1 a UWmmW. 2 tilES 1 fP 5 ti/c y ^ A 

6^i^^<y :7'nb*u>igCD:^*;?;>^';; F. 763::t;yx^u> 
[0 087] l^fc. 02 R?>'I3 3 CC^T RigJMOlN*^ 

^fgn^x^ri^ 1 0' cc*jc^r. iit'3::MS. I2('imffi 
*^f*. 1 3 iiiE®. 1 4 t#:iES«mft. 1 5 t'^:*:|feHj 
(Oi^7KmmW,. 1 6«427>fix-^, ITf^iEffiS^. 1 
8 It'W^^'f. 1 9 ^JMIS, 2 0 y - F . 2 1 

(3:iES^. 2 2 iiiEIg y - F. 2 3 {t'r-T. . 2 4 k%m 
WWL. 2 5^i:^*X>r F. 2 6 2 7t^PTC 

[0 088] :*:|feqgcr)f^ffl««(C':?iir{SHgfl|r&^^j:c^ 

^ ^ Mci^ ^ mmtmmm(omKft^mmx 

[0089] 

So fflL. JWTOj|Sfe«?!|5c<i:0*SII«<pI6*fM3ti5 
[0 09 0] CiE^O^im] JE^tS^WiUrL i N i 
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afiSP. ^mmtOr^^VV ^:^it\::'^Vy'y (PVD 
*4:§:N-^^;l/-2-b-Gy K> (NMP) ^C^JtftSif 

[0 0 9 1 ] CASofPSSD ^mwmm^Q 2. bss 10 

[0 092] m7i<.m%w^(Dmm:^ -rut^^. mmm 
te^^D 1 - 1 1 - 3 1 vi.mmm 1-1-1-3 tctafs 

[0 09 3 ] C^ttof^ii] JW±©J:^tcorf#6ti/c 
i^- HKiESRO'v'-- V^-mm^. 2 5 Mm<Df*?L 

-X?r^KOr. SjhO/iio Jy±0^jlii^cj:t), ^ i 8 

[0094] itdRfSMV 5^^AIi;X«ilfe<osaJRFl4 
a 1 tC^To 

[0 09 5] <&]m^M>$-r. ^m^SfeO . 2 5 
mA/cm* ^4. 1 V ^ ^C^^iS^SS L . mm 40 
m?^g0. 3 3inA/cin^ -CB. 0 V^r^m?lSS(1i^ 
ff-oi^Co ^X^^cmmzSl. ImA/cm' ^4. IV^ 
"CS^Sfg^^aE^^. Iftm^l. 1mA/ cm' r 
3 . 0 V ^ r^^ijfea^^ 4 liltf /cf^. 1 . 

1mA/ cm' T^4. 1 V^r^®^^mffi?t^. SC^ 
«fcO. 3 3mA/cm' ^3. OVt^^wmMM 
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[0096] <mu'^'<^)]^mmm>±Mmmm v ^ 

#H^Sg6 0°C(DtMig«f^^An. 
^m^S[c2. 2mA/cm' r4. IV^-CMmiM^m 
ffim^fife2. 2m A/cm' t? 3 V ^ T^^jfeSi M 

#HMfig^2 O^CCCHOr, 3^m^ai. ImA/c 

m' r4. ivtv^mm'^ms.^m. mmmmo. 3 

3mA/cm^ r3, 0 V ^ r .^mS£](8(m L , CC7)<h* 

/Co 

[0 09 7] <rta5ffitaiijn^cDiiij^>mitkcDrta5ffitn 

^T. 2 0 - 3 0 "C-C^n^mSj^^ 

1. imA/cm' r3. 7 5 V ^ r ^myfe^mji^^m 

^: jiiS^j£;§T'^5'>f1f s o 1 a r t r o n 1 2 6 
0. ^r^>iy3yij;V/iy:;^^ ^^hsolartron 
1 2 8 7 ) J&ffilit:. JiliS^iStl 0 OkHz-O. 0 2H 

[0 0 9 8 ] <\^m^\m%WM> 2 0 °CfC>rtT-5» - 3 

®cmssi:b= (-30 "cxommnm) y (20 -cro 
^^m3Att= (-30 "croi^gsjsfS) / ( 2 0 "cr© 
[0 09 9] ciiJifSM 1-1-1-31 Rz^itmm i ~ 

1-1 - 3 J :J:,^]y>:ij-7i(^- h3 Omn%Rl^>^x. 

p F 6 ^ 1 ^jv/ V y h Jiomrnvrnm l , ^ 6 tcis^ 
ib^m (^i#M) ^m^xmmmtLfc. mm 
1 itumit'^m^mm^±'r. ttctmm i - zRmtm 
^1-3^*. mmit'^mto'CTmmit^mNo, 3 
eRz/si^^ti^etimi^fc. cc^sm. tbgj^*?? 1 - 1 

tc*jt:f 1 0 0 i Lfcm^. i&<Dmmm 
[0 100] 

imi] 
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No. 


im% 




(%) 








^mm 1 - 1 


No. 1 


0. 1 


8 8.0 


13 5 


7 8 


12. 6 




No. 1 


0. 3 


8 8.5 


133 


8 0 


11. 7 




No. 1 


0. 5 


8 9. 7 


1 3 0 


8 1 


J 1. S 




No. 1 


1. 0 


8 9. 5 


130 


8 0 


11.6 




No. 1 


1. 5 


8 9.3 


13 1 


7 6 


12.4 




No. 1 


2. 0 


8 9. 1 


13 1 


7 5 


13. 5 




No. 2 


0. 5 


86. 7 


13 8 


7 8 


13.1 


mm\ 1 - 8 


No. 3 


0. 5 


8 7,2 


1 36 


7 7 


13.2 




No- 4 


0. 5 


88. 6 


1 33 


8 0 


11. 7 


$^JS«« 1-10 


No. 5 


0. 5 


84. 2 


142 


7 5 


1 5. 1 


I^MWl - 1 1 


No. 6 


0. 5 


8 7.5 


13 4 


7 4 


1 S. 2 




No. 7 


0. 5 


8 8.0 


13 5 


7 8 


13. 0 




No. 8 


0. 5 


8 7.7 


140 


7 5 


15,0 


mf&m 1-14 


No. 9 


0. 5 


88. 5 


133 


7 6 


14.9 


1-15 


No. 1 0 


0. 5 


8 5.5 


1 4 0 


7 5 


14. 8 




No. 11 


0. 5 


8 5.2 


14 0 


7 4 


3 4.6 


^««l-I 7 


No. 1 2 


0. 5 


8 7.4 


I 3 7 


7 4 






No. 1 3 


0. 5 


87. 6 


1 39 


7 8 


1 3. 0 




No. 1 4 


0. s 


8 7.5 


13 4 


7 8 


13.1 


0 


No. 1 5 


0. 5 


8 4. 2 


1 42 


7 5 


1 4. 8 


^«l-21 


No. 1 6 


0. 5 


8 5. 2 


1 4 0 


7 6 


14. 9 




No. 1 7 


0. 5 


86. 7 


1 3 B 


7 S 


14, 8 


ll«i«l-2 3 


No, 1 8 


Q. 5 


8 7.2 


13 6 


74 


14- 6 


*mm 1-24 


No. 1 9 


0. 5 


8 7.7 


1 4 0 


7 4 


14. 5 




No. 20 


0. 5 


8 7.6 


1 3 9 


7 5 


1 4. 8 


mini -2 8 


No. 2 I 


0. 5 


87, S 


13 4 


7 5 


14. 5 




No. 2 2 


0. 5 


8 7. 4 


13 5 


7 6 


14. fl 


^HWl-2 8 


No. 23 


0. 5 


86. 7 


1 3 8 


7 4 


14. 8 


*«^J 1-29 


No. 24 


0. 5 


8 8. 5 


1 3 3 


7 7 


13. 1 


nmm i ~ a o 


No. 2 5 


0. S 


8 8. 0 


1 3 5 


7 6 


13.2 


^J6W1-3 1 


No. 26 


0. 5 


84. 7 


I 4 I 


7 5 


15, 0 


«:«^« 1 - 1 






78. 5 


i 5 1 


5 8 


1 8. 1 


itew 1 - 2 


No. 3 6 


0. 5 


78. 4 


15 0 


5 9 


I 8. 0 




No. 3 7 


0. 5 


78. 3 


15 1 


5 8 


1 B. 0 



[0 1 0 n 

Ut4 3] ttmit^mt^o. 3 6 

? 

C2H5— 0— Si— 0— CjHs 

0 
1 

C2H5 

[0102] 

[fL4 4] itmit^mNo, 3 7 
CH3 CHa 
C2H5— Si— 0— Si— CzHs 
CHj CHj 

[0 10 3] ims^m2-\--2-ion.aimm2- 

I-2-2D X^^>;^-5^<^-^3 0f*S%. i^x^ 



A ^ Mkoymw&mm^'^ (5^) ^cxb 0 0 tf-^ 
30 (Df^gpffijfittsp^ (%) ^-en^naijsb^^Co ^/c. r 

[0 10 5] <il«tti*^>^tW2-i-2-io^ 

0'J:t«<^2 -1-2-2 JCfat6©#*m«vSfC. ffi 1 5 
mm. 2 0mm(CifeKO?t/12 0. 04mmO42 

2 5mmHPir^}tit€W^^'9*>:7VL'^cD 
40 ^}^if(C*iJL/t:7jc^CCilSL//Co C6!?1?->:/^^'&^2 5 
0mmX2 5 0mmX5 0 OmmfD^jlSOJitcAti. 

[0 106] 
[^2] 



(13) 



23 



2 00 2 
24 



134 169 









{%) 


{%) 
500 iii^m 




^«5«2- 1 


No. 1 


0. 5 


83. 5 


1 3 9 


o 




No. 2 


0. 5 


8 1.7 


I 4 9 


o 




No. 3 


0. 5 


8 2. 5 


1 4 7 


o 




No. 7 


0. 5 


8 2.7 


I 4 8 


o 




No. 9 


0. 5 


8 1.7 


1 4 9 


o 




No. 12 


0. 5 


8 2.1 


1 48 


o 




No. 13 


0. 5 


83. 4 


142 


o 


^MM 2-8 


No. H 


0. 5 


82. 1 


1 4 7 


o 




No. 21 


0. 5 


8 0. 9 


1 5 0 


o 


^S6flf|2- 1 0 


No. 25 


0. 5 


8 1.8 


14 9 


o 


it«5W2-l 






7 7.5 


16 4 


o 




No. 37 


0. 5 


77. 4 


16 5 


o 



[0107] C 



*1 



3 ~ IRD^'3 -5D TiB^S^C:^ 
L i PF. ^1 y V}V(D 

$6cc^it^«No. 1 m3mm) 



[0108] 
[S3] 



















3-1 


3 0 


60 


1 0 


No. 1 


8 1 


3-2 


3 0 


5 0 


2 0 


No. 1 


83 


3-3 


3 0 


4 0 


3 0 


No. 1 


8 4 


nmm 

3-4 


3 0 


5 0 


2 0 


No. 1 


8 3 


3-5 


3 0 


6 0 


2 0 


No. 1 


8 2 



[0109] ±ie©S 1 S:^m2 30 

m(o\mm i - 1 imz - 1 ©**^)^?«^s:ffli>/c^^7K 

[0 110] ^/c. {£Mff#cc:tet,^r«>:*:^HBtc^'S^-< 
[0 1 1 n $6cc. ±ia<^3cc:fei^rt'*, 40 

[0112] 

[H 1 3 E 1 :^m^<o^?kmmmzi^kmm(oz:iA > so 



[0 2] H2«. *^ig©**MI^?K-*®toRg!^ 

[Ha] ^3(3:. :^mM(D^mmnmr.:xm^}k(D?]mm 

[^-^Oi^H^] 

1 JEM 

la iEffiUm* 

2 nm 

2 8i nmmmw 
3 

4 iE®^-;^ 

5 :affi'$r-y^ 
6 

10 :3 ^ >m(D^^7Kmmmr.'xmm 

1 0' Rfgf§?©#*mfl?S[-;»ma 
1 1 

12 fiSH^f* 

1 3 lES 

14 iEffi^^f* 



25 



1 5 

1 6 ^? 

1 7 lEmm^ 

18 nmm^ 

1 9 nmm 

2 0 K 
2 1 iES« 



(14) 



002-134 169 



26 



2 3 ^->^ 

2 4 iffiSS 

2 5 ;tr;^y>F 

2 6 

2 7 PTCST- 



[HI 



10 



6^ ' N„ V 

la 1 6 7 6 




[03} 




(15) 
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M^MMlmMm^K7^m2m5^ mm M^sUmmMm^7rm2m35^ mm 

F^-A (##) 3H029 AJ02 AJ05 AK02 AK03 AK05 
ALOl AL06 AL12 AL16 Afc102 
AM03 AM04 AM07 6302 BJ03 
DJ08 EJH 



